Background {#Sec1}
==========

Subclinical hypothyroidism (SCH) is a mild thyroid disorder with elevated thyroid-stimulating hormone (TSH) concentration and normal concentration of serum free thyroxin. Numerous studies demonstrate that SCH is associated with cardiac disease \[[@CR1]\], higher low-density lipoprotein cholesterol \[[@CR2]\], and depression and cognitive dysfunction \[[@CR3]\], which together result in an increased risk for cardiovascular disease (CVD)-related death \[[@CR4]\]. It is reported that the prevalence ranges substantially from 4 to 20% \[[@CR5]--[@CR9]\], and such a wide range of prevalence is closely related to the reference range of TSH and the population characteristics, and other factors such as sex, area of residence, iodine intake and some auto-antibodies also have great influence on the prevalence \[[@CR8]--[@CR10]\]. On the one hand, the presence of SCH can result in the increasing rate of CVD \[[@CR4]\]; On the other hand, SCH is usually clinically asymptomatic and accidentally due to the presence of non-specific symptoms \[[@CR11]\]. Therefore, it is necessary to screen this potential disease by serum TSH test. When cost-effectiveness is considered, due to the relatively low prevalence of SCH in the general population, thus TSH screening is not routinely recommended by the leading association of thyroid medicine \[[@CR12]--[@CR15]\]. However, in certain population whose risks for SCH is much higher, TSH screening may be an appropriate option, because higher rate of SCH population can be identified, which means more attention should be paid on such population and the risks of CVD may decrease.

Metabolic syndrome (MetS) is not a single disease, but a cluster of metabolic risk factors which include visceral obesity, hypertension, hyperglycemia, dyslipidaemia, and atherogenisis \[[@CR16]\]. The associations between MetS and SCH have been widely explored with inconsistent results. SCH is closely associated with MetS in several previous studies \[[@CR17]--[@CR19]\], however, another study does not find definite association between them \[[@CR20]\]. Additionally, it is reported that SCH is also associated with partial components of MetS, but not all components \[[@CR19], [@CR20]\]. It is considered that some factors including age, sex, and body-mass index (BMI) may contribute to these conflicting results.

A cross-sectional study reported the prevalence of SCH in 1150 university employees in mainland China \[[@CR21]\]; however, the small sample size was an obvious defect. Additionally, whether there is any difference in SCH by sex, and whether there is a certain population whose risk for SCH is significantly higher than that in the general population remain unexplored. Therefore, our study in a large-scale Chinese population aims to investigate the prevalence of SCH and sex differences in SCH, to explore the associations between SCH and metabolic risk factors by sex, and to identify a certain population whose risk for SCH is much higher than that of the general population.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

Before data collection, Research Ethics Committee in Ningbo Medical Center Lihuili Hospital has approved the study. Written informed consent for using the screening results for academic research was obtained from every participant. Both doctor Du and doctor Wang were the administrators of health examination center, and had necessary permissions to the database.

Individuals who had a health examination in the health examination centre of Ningbo Medical Center Lihuili Hospital between June 2016 and April 2018 were potential participants. Participants had a normal occupation, lived in the local area for more than 5 years, and had a regular health examination once a year. Participants in this study had complete data on thyroid function. Exclusion criteria were as the followings: (1) age \< 20; (2) pregnancy or within the first year of the postpartum period; (3) subclinical or overt hyperthyroidism (serum TSH \> 0.35 mIU/L with elevated free tetraiodothyronine (FT4)) or overt hypothyroidism (serum TSH \< 4.94 mIU/L with low FT4); (4) a history of thyroid disease; (5) a clear history of metabolic diseases such as hyperlipidaemia, hypertension, hyperglycaemia, hyperuricemia and concurrent with medication for these disease; and (6) insufficient data. Figure [1](#Fig1){ref-type="fig"} shows the flow chart of the included participants. Fig. 1Flow chart of the study

Data collection {#Sec4}
---------------

The following data were collected from the health examination database in our hospital: sex, age, height, weight, BMI, fasting blood glucose (AC), high/low-density lipoprotein cholesterol (HDL-C/LDL-C), triglycerides (TGs), serum creatinine (Scr), uric acid (UA), FT3, FT4 and TSH. Anthropometric measurements of height (cm) and weight (kg) were taken using a height and weight machine while participants were barefoot and wearing light clothes. BMI was calculated from the measured height and weight. Blood pressure (mmHg) was measured with the participants in a seated position after 10 min of rest using an electronic sphygmomanometer. Biochemical parameters including AC, TGs, HDL-C, LDL-C, UA, Scr, TSH, FT3 and FT4 were tested from fasting blood samples.

Definition of SCH and metabolic risk factors {#Sec5}
--------------------------------------------

The definition of SCH based on a normal serum FT4 concentration with an elevated serum TSH concentration has been widely used in previous literature. However, the reference range used for TSH has been inconsistent, and the upper limit has varied in previous literature. In our clinical practice, TSH was measured using an E-TSH kit (Roche Diagnostics), for which the reference range was 0.35--5.00 μIU/mL. Therefore, in our study, the concentration of TSH \> 5.0 μIU/mL was considered to exceed the upper limit. The concentration \> 10.0 μIU/mL often indicated overt hypothyroidism and was often accompanied by alterations in lipid and carbohydrate metabolism. Therefore, the concentration of TSH within the range from 5.0 to 10.0 μIU/mL, and with a normal FT4 concentration were used to define SCH in our study.

The definition of metabolic risk factors was adopted as well-accepted criteria. Either or both of the blood pressures, systolic blood pressure (SBP) \> 130 mmHg and diastolic blood pressure (DBP) \> 85 mmHg, were categorized as hypertension; and a concentration of TG \> 150 mg/dL was categorized as hypertriglyceridemia. Obesity was defined as BMI ≥ 25Kg/m2; hyperglycemia was defined as a concentration of AC \> 100 mg/dL; and low HDL was defined as a concentration of HDL \< 50 mg/dL for men and 40 mg/dL for women.

Statistical analysis {#Sec6}
--------------------

Participants were categorized into two groups based on the concentration of TSH: the euthyroid (EUT) group with a normal serum FT4 concentration and a TSH concentration between 0.35 and 5.0 μIU/mL; and the SCH group with a normal serum FT4 concentration and a TSH concentration between 5.0 and 10.0 μIU/mL (the participants with TSH \> 10.0 μIU/mL were not included in the current study). Between-group comparisons (univariate analysis adjusted for BMI and age, because they were important confounders for SCH in previous studies) were performed using the χ2 (Chi-square) test for categorical variables and the t-test for continuous variables (mean ± standard deviation, M ± SD). Then, multivariate logistic regression analysis adjusting for variables from the univariate analysis that were associated with SCH and those well-accepted variables such as age and BMI, was performed to test factors' independence. In addition, the interaction of independent predictors determined by multivariate logistic regression analysis was also assessed. Statistical analyses were performed using SPSS 19.0 software (SPSS, Chicago, IL, <http://www.spss.com>). Statistical test was two-sided. *P* value less than 0.05 was considered statistically significant, and the odds ratio (OR) as well as 95% confidence interval (CI) were also calculated.

Results {#Sec7}
=======

Demographic characteristics and clinical data of participants by sex {#Sec8}
--------------------------------------------------------------------

A total of 5319 participants visiting the health examination centre of Ningbo Medical Center Lihuili Hospital were included in this study. The mean age was 42.5 ± 11.7 years, ranging from 20 to 82 years, and 3013 participants (56.97%) were men. Table [1](#Tab1){ref-type="table"} demonstrates the demographic characteristics and clinical data of all participants and participants by sex. Table 1Participants' demographic and clinical characteristics in overall participants and by sexVariablesOverall (*n* = 5319)Male (*n* = 3013)Female (*n* = 2306)*p*Age (yrs)42.53 ± 11.743.24 ± 11.4041.62 ± 11.91\< 0.001Education (yrs)10.5 ± 3.8110.8 ± 3.7210.2 ± 3.90\< 0.001Height (cm)166.6 ± 8.0171.60 ± 6.02160.24 ± 6.30\< 0.001Weight (kg)65.4 ± 12.3271.99 ± 10.6556.37 ± 8.26\< 0.001BMI^a^ (kg/m ^**2**^)23.4 ± 3.324.50 ± 3.2621.93 ± 2.98\< 0.001Waist circumference82.62 ± 6.4787.52 ± 5.1877.23 ± 5.05\< 0.001SBP (mm Hg)120.9 ± 16.9123.91 ± 16.27116.74 ± 16.74\< 0.001DBP (mm Hg)74.2 ± 11.477.12 ± 11.4370.72 ± 10.51\< 0.001AC (mg/dL)5.3 ± 1.15.35 ± 1.115.26 ± 1.03\< 0.001Total Chol (mg/dL)185.6 ± 34.8187.53 ± 35.22183.95 ± 35.18\< 0.001TG (mg/dL)136.6 ± 123.87160.27 ± 143.56104.79 ± 74.17\< 0.001HDL-C (mg/dL)54.43 ± 14.1050.07 ± 11.2260.94 ± 15.06\< 0.001LDL-C (mg/dL)92.6 ± 23.686.42 ± 19.5298.05 ± 27.13\< 0.001UA (mg/dL)356.0 ± 91.3400.01 ± 77.16282.12 ± 60.23\< 0.001Scr (umol/L)69.18 ± 14.3877.31 ± 10.7055.56 ± 8.06\< 0.001TSH concentration (mIU/L)2.13 ± 2.511.97 ± 2.322.30 ± 2.72\< 0.001Free-T~3~ concentration (pmol/L)5.07 ± 0.555.29 ± 0.514.79 ± 0.48\< 0.001Free-T4 concentration (pmol/L)16.23 ± 1.9516.71 ± 1.9415.60 ± 1.77\< 0.001Data were presented as mean ± SD. Groups were compared using t-test.^a^BMI: calculated as weight (in kilogram) divided by height (in meter) squared*Abbreviation*: *BMI* body mass index, *SBP* systolic blood pressure, *DBP* diastolic blood pressure, *WBC* white blood cell, *RBC* red blood cell, *PLT* platelets; hemoglobin, *hs-CRP* high sensitivity C-reactive protein, *AC* fasting blood glucose, *Total Chol* cholesterol, *TG* triglyceride, *HDL-C* high density lipoprotein cholesterol, *LDL-C* low density lipoprotein cholesterol, *UA* uric acid; Scr: serum creatinine, *TSH* Thyroid Stimulating Hormone, *Free-T3* free triiodothyroxine, *Free-T4* free tetraiodothyroxine*p* \< 0.05 was considered as statistically significance

Prevalence of SCH in different age groups stratified by sex {#Sec9}
-----------------------------------------------------------

There were a total of 181 SCH cases in the overall participants, with a prevalence of 3.40% (181/5319). The prevalence of SCH was 4.90% (113/2306) and 2.26% (68/3013) in female and male participants, respectively, and the difference by sex was significant (*p* \< 0.001).

The age-specific prevalence curve was different between male and female participants. The prevalence in each age category was higher in female participants than that in male participants. Compared to male participants, the prevalence in female participants increased 1.68, 1.75, 3.59, 3.89 and 2.53% in the 20 to 29, 30 to 39, 40 to 49, 50 to 59 and 60 or older age categories, respectively; and the largest difference was observed in the 50--59 age group (Fig. [2](#Fig2){ref-type="fig"}). Fig. 2The age-specific prevalence curve of subclinical hypothyroidism by sex

Additionally, the prevalence was 2.08% (57/2739) and 3.64% (10/274) in male participants younger than 60 and aged 60 or older, respectively; and the difference was not significant (*p* = 0.104). For female participants, the prevalence of SCH was 3.86% (44/1139) and 5.91% (69/1167) in the participants younger than 40 and aged 40 or older, respectively; the difference was significant (*p* = 0.023).

Metabolic risk factors associated with SCH {#Sec10}
------------------------------------------

After adjustment for age and BMI, in male participants, univariate analysis found that TGs were associated with the prevalence of SCH (*p* = 0.021), while other metabolic risk factors, including SBP/DBP, AC, UA and HDL-C, were not; in female participants, univariate analysis revealed that TGs (OR = 2.172, 95% CI 1.308--3.607, *p* = 0.006), SBP/DBP(OR = 1.730, 95% CI 1.138--2.630, *p* = 0.014) and AC (OR = 2.593, 95% CI 1.479--4.546, *p* \< 0.001) were associated with the prevalence of SCH, while other metabolic risk factors UA and HDL-C were not.

Multivariate logistic regression analysis demonstrated that none of the metabolic risk factors were significantly associated with the prevalence of SCH in male participants (Table [2](#Tab2){ref-type="table"}). However, in female participants, age (OR = 0.568, 95% CI 0.389--0.831, *p* = 0.004), SBP/DBP (OR = 2.543, 95% CI 1.709--3.784, *p* \< 0.001), and BMI (OR = 5.029, 95% CI 3.306--7.6511, *p* \< 0.001) were independent predictors of SCH (Table [3](#Tab3){ref-type="table"}). Further analysis showed that there was an obvious interaction between age and SBP/DBP (OR = 4.027, 95% CI 1.604--10.110), but no significant interaction between age and BMI (OR = 1.024, 95% CI 0.462--2.271), or between SBP/DBP and BMI (OR = 1.4.6, 95% CI 0.640--3.091) (Table [3](#Tab3){ref-type="table"}). Table 2Multivariate logistic regression analysis for predicting prevalence of SCH in male participants (*n* = 3013)VariableHazard ratio95% confidence intervalLowerUpper*p* valueAge0.9100.3242.5550.858BMI0.7750.3751.5880.486TG0.7350.2372.2790.447Age by BMI ^**a**^1.3950.4834.0290.875Age by TG ^**a**^1.1080.1766.9750.328BMI by TG ^**a**^2.2600.50910.0350.314^**a**^Interaction *p* value of variables for SCH*Abbreviation*: *SCH* subclinical hypothyroidism, *BMI* body mass index, *TG* triglycerideTable 3Multivariate logistic regression analysis for predicting prevalence of SCH in female participants (*n* = 2306)ParameterHazard ratio95% confidence intervalLowerUpper*p* valueAge0.5680.3890.8310.004TG0.7870.4821.2850.339AC1.3290.8712.0280.187SBP / DBP2.5431.7093.7840.000BMI5.0293.3067.6510.000Age by SBP /DBP ^**a**^4.0271.60410.1100.003Age by BMI ^**a**^1.0240.4622.2710.954BMI by SBP /DBP ^**a**^1.4060.6403.0910.396^**a**^Interaction *p* value of every two predictors for SCH*Abbreviation*: *SCH* subclinical hypothyroidism, *TG* triglyceride, *AC* fasting blood glucose, *SBP* systolic blood pressure, *DBP* diastolic blood pressure, *BMI* body mass index

Prevalence of SCH according to metabolic risk factors {#Sec11}
-----------------------------------------------------

Based on two independent metabolic risk factors: SBP/DBP and BMI, we further classified the female participants into two subgroups: the low BMI and low blood pressure (BP) group, and the high BMI and/or high BP group. The prevalence of SCH differed significantly among the groups, regardless of age (Table [4](#Tab4){ref-type="table"}). Table 4Prevalence of SCH with some metabolic risk factors in female participants (*n* = 2306)Metabolic risk factorsAge \< 40Age ≥ 40SCH (n (%))EUT (n (%))*p*SCH (n (%))EUT (n (%))*p*Low BP and low BMI31 (3.26)921 (96.74)\< 0.00121 (3.09)658 (96.91)\< 0.001High BP and/or high BMI18 (9.62)169 (90.38)43 (8.81)445 (91.19)Data is presented as nLow BP means systolic blood pressure ≤ 130 mmHg and diastolic blood pressure ≤ 85 mmHg; high BP means systolic blood pressure \> 130 mmHg and/or diastolic blood pressure \> 85 mmHg; low BMI means ≤25 kg/m2; high BMI means \> 25 kg/m2*Abbreviations*: *SCH* subclinical hypothyroidism, *EUT* euthyroid, *BP* blood pressure, *BMI* body-mass index*P* \< 0.05 is considered as statistically significance

Discussion {#Sec12}
==========

This cross-sectional study is one of few studies investigating the sex differences in SCH in a large-scale health examination-based Chinese population. The current study revealed three major differences between male and female participants. First, the prevalence of SCH among female participants (4.90% in this study) was much higher than that among male participants (2.26% in this study), which is comparable with the results reported in some other studies \[[@CR7]--[@CR9]\], yet not all studies \[[@CR22]\]. Second, the age-specific prevalence of SCH among female participants was consistently higher than that among males, and the largest difference was observed in 40--59 age group. Third, age, BP and BMI were associated with the prevalence of SCH among female participants. However, neither of metabolic risk factor was found to be associated with SCH in male participants, which is inconsistent with the previous studies in the general population \[[@CR23]--[@CR26]\].

MetS is a cluster of three or more of the following metabolic risk factors: obesity, hypertension, atherogenisis, hyperlipidaemia and hyperglycaemia. It is important to note that numerous cross-sectional studies have found that MetS and its components were related to SCH \[[@CR27]--[@CR30]\].

However, whether each of the components was related to SCH in Chinese population was still unknown. In our study, we focused on a special population, health examination-based population, who previously had no clear history of metabolic disease and medication treatment, and found that the prevalence of MetS was lower than that in previous literature \[[@CR20], [@CR25]\], because when the participants who had a history of metabolic disease were excluded from our study, the prevalence would certainly decrease. Additionally, as you all know, the prevalence of Mets increased as age older, however, in our study the rate of participants older than 60 was lower than 10% (468/5319). Therefore, compared to value of MetS, in the present study, the value of components may be much higher. Among 2306 female participants, 19.14% (672/2306) had high BP (systolic BP \> 130 mmHg and/or diastolic BP \> 85 mmHg), and 14.01% (323/2306) had high BMI (\> 25 kg/m^2^), and 4.47% (103/2306) had both high BP and high BMI, which added up to nearly 30% (19.14% + 14.01%--4.47%) of participants who were at higher risk for SCH. In our study, as many as 9.04% of female participants who had at least one above metabolic risk factor were finally diagnosed with SCH, which suggested that TSH screening may be a suitable option for women with high BP and/or high BMI.

In previous literature, age and BMI were always included as adjustment factors when estimating SCH prevalence, and we also adopted the same statistical method in our analysis. After adjusting for age and BMI, the univariate analysis revealed that a high TG concentration was significantly associated with a high prevalence of SCH in male participants; however, the TG level was no longer an independent predictor of SCH after performing the multivariate logistic regression analysis. Similarly, the TG level was not an independent predictor of SCH in female participants. However, in female participants, we found three independent predictors, including age, BMI and BP. There was a 5.029-fold higher risk of SCH in female participants with high BMI (\> 25 kg/m^2^) than in female participants with low BMI (≤ 25 kg/m^2^), and a 2.543-fold higher risk of SCH in female participants with high SBP/DBP (systolic BP \> 130 mmHg and/or diastolic BP \> 85 mmHg) than in female participants with low SBP/DBP (systolic BP ≤ 130 mmHg and diastolic BP ≤ 85 mmHg).

Regardless of age, the prevalence of SCH was much higher in the female participants with either or both high BP and high BMI than in participants with neither of these two factors. Although the prevalence of 9.04% (61/675) is not high, we believe that FT4 and TSH screening in this population has values. On the one hand, through routine TSH screening, it is possible to select about 9% of women with SCH, and these women may eventually develop to overt hypothyroidism each year at a rate of 4.3--8.0% \[[@CR13], [@CR31]\]. On the other hand, SCH is mainly caused by autoimmune diseases, such as Hashimoto's thyroiditis, and levothyroxine replacement is the main treatment for SCH, which is appropriate according to current guidelines. Most importantly, several studies have revealed that SCH is correlated with an increased prevalence of coronary heart disease (CHD) or ischaemic heart disease \[[@CR1], [@CR4], [@CR32]--[@CR36]\], and CHD mortality in those with higher TSH levels, particularly in those with a TSH concentration of 10 μIU/mL or greater \[[@CR36]\]. Moreover, a cochrane systematic review including 12 randomized controlled trials (RCTs) with a total of 350 patients showed that there was some evidence that levothyroxine replacement improved cardiac function and blood lipids, but a lack of data for improved survival, reduced cardiovascular morbidity or improved health-related quality of life \[[@CR37]\]. However, the RCTs included in this systemic review were conducted before 2006 and the sample size of 350 was too small. An ongoing clinical trial, Thyroid hormone Replacement for Untreated older adults with Subclinical hypothyroidism - a randomised placebo-controlled Trial (TRUST) will answer the unsettled questions: whether levothyroxine replacement can change the symptoms related to SCH; whether levothyroxine replacement has impact on metabolic risk factors; and whether levothyroxine replacement has any benefit for decreasing incident atrial fibrillation, heart failure and bone fracture \[[@CR38]\].

The strengths of this study should be acknowledged. First, a large number of participants were assessed retrospectively, and all participants underwent serum FT4 and TSH tests and metabolic risk factor measurements within a relatively short interval so that detection bias could be minimized. Second, the upper limit of normal TSH concentration adopted in the current study was 5.0μIU/mL, which is widely used clinically in mainland China. Third and most importantly, in our study, age, BMI and BP, which were found to be the predictors of SCH in female participants, were easily determined before blood samples were taken, which indicates that it is reasonable that the estimated risk for SCH could be calculated, and the decision whether the TSH test was necessary could be easily made.

Of course, there are some limitations in this study. First, although high BP and high BMI were confirmed as independent predictive factors for SCH, our cross-sectional study could not determine the longitudinal effects of SCH, the causation of SCH, or the metabolic risk factors or the underlying mechanism could not be explored. Second, the predictive values of factors such as area of residence, iodine intake and the presence of autoimmune antibodies, which have been associated with SCH in previous literature \[[@CR8]--[@CR10]\], could not be evaluated in this study. Third, the participants whose TSH concentration was higher than 10 mIU/L were excluded from our study; thus, we could not further explore the associations between metabolic risk factors and SCH in those patients. However, it is most likely that there was much stronger association of SCH with TSH \> 10 mU/l than TSH \< 10 mU/l and metabolic factors, and in the near future we are going to conduct a a prospective cohort study to further explore the metabolic factors and SCH with TSH \> 10 mU/l.

Conclusions {#Sec13}
===========

Our study shows that in female participants, high BMI and high BP are associated with SCH. Considering that female participants with either or both of above metabolic risk factors have a prevalence of 7.69--14.81% for SCH, together with a continuous increase in the rate of SCH \[[@CR23]\], serum concentrations of TSH and FT4 in such populations may be routinely monitored. Of course, a prospective, large-scale study with long follow-up period is still needed to verify our results.
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